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Description 

[0001] The present invention relates to inhibiting the passage of liquids through a face mask. 

[0002] It is desirable to greatly reduce, If not eliminate, transmission of blood and body liquids (e.g., urine and saliva) 
5 and airbome contaminants (e.g., bacteria, viruses, and fungal spores) through a surgical face mask. At the same time, 

it is desirable to allow gases to flow through the mask in order to make the mask breathable and comfortable. 

[0003] In DE-U-8 905 262 a face mask is disclosed comprising a liquid absorbing layer, a distance layer, a bacteria 

filter, a liquid impermeable woven fabric and a base material. In order to prevent that liquid, for example blood, can 

pass through the face mask a liquid-impermeable layer is provided out of microfibers having pores which are smaller 
10 than those of the bacteria filter in order to stop virus particles respectively aerosol drops effectively. In doing so, the 

pore size and distribution of pores work together with the hydrophobic character of the materials. 

• Summary of the Invention 

15 [0004] In general, the invention features a face mask that includes a face-contacting layer, an outer cover layer, a 
polymeric microfiber mat disposed between the face-contacting layer and the outer cover layer, and a non-woven 
fibrous mat disposed between the face-contacting layer and the outer cover layer. The non-woven fibrous mat includes 
polymeric fibers and a surface energy reducing agent. The face-contacting layer, the cover layer, the polymeric micro- 
fiber mat, and the non-woven fibrous mat cooperate with each other to allow gas to pass through the mask while 

20 inhibiting the passage of liquid through the mask. 

[0005] In preferred embodiments, the mask has a basis weight of no greater than about 95 g/m^. The pressure drop 
across the mask preferably Is no greater than about 2.70 mm HgO at a flow rate of 32 liters per minute ("Ipm") and a 
face velocity of 3.82 cm/s, as measured according to ASTM F 778-88. In one preferred embodiment, the non-woven 
fibrous mat is disposed between the outer cover layer and the polymeric microfiber mat. In another preferred embod- 

25 iment, the non-woven fibrous mat is disposed between the face-contacting layer and the polymeric microfiber mat. 
[0006] The surface energy reducing agent preferably is a f luorochemical, a wax, a silicone, or a combination thereof, 
with fluorochemicals being preferred. Examples of preferred fluorochemicals include fluorochemical oxazolidinones, 
fluorochemical piperazlnes, fluoroaliphatic radical-containing compounds, and combinations thereof, with fluorochem- 
ical oxazolidinones being particularly preferred. The surface energy reducing agent may be incorporated into some or 

30 all of the fibers, applied to the surface of some or all of the fibers, or a combination thereof The amount of the surface 
energy reducing agent preferably is no greater than about 4.0% by weight based upon the total weight of the non- 
woven fibrous mat, more preferably no greater than about 2.0% by weight 

[0007] Suitable fibers for use in the non-woven fibrous mat Include, for example, polymeric microfibers, staple fibers, 
continuous filament fibers, and combinations thereof. Examples of suitable polymeric microfibers Include polyolefin (e. 

35 g., polyethylene, polypropylene, polybutylene, or poly-4-methylpentene), polyamide, polyester, and polyvinylchloride 
microfibers, and combinations thereof, with blends of polypropylene and polybutylene microfibers being particularly 
preferred. In one preferred embodiment, the non-woven fibrous mat includes a blend of up to about 50% by weight 
polypropylene microfibers and up to about 50% by weight polybutylene microfibers; the mat may further include about 
0.5% by weight of the surface energy reducing agent (e.g., a fluorochemical). 

40 [0008] Preferably, the non-woven fibrous mat has a solidity of no greater than about 1 0%; an average basis weight 
ranging between about 10 and about 50 g/rrfi (where the measurement is based upon mass per projected area); and 
an average effective fiber diameter no greater than about 20 micrometers, more preferably between about 1 and 10 
micrometers. The pressure drop across the non-woven fibrous mat preferably ranges from about 0. 1 to about 2.70 mm 
H2O at a flow rate of 32 liters per minute ("Ipm") and a face velocity of 3.82 cm/s, as measured according to ASTM F 

45 778-88, more preferably from about 0.1 to about 2.50 mm H2O, and even more preferably from about 0.1 to about 1.50 
mm H2O. The area of the non-woven fibrous mat (measured by multiplying the length of the mat times its width) is 
preferably at least about 2% greater than the area (measured by multiplying length times width of the mat prior to 
pleating) of any one of the face-contacting layer, the polymeric microfiber mat, or the outer cover layer to cause the 
non-woven fibrous mat to "pucker." The non-woven fibrous mat may be provided in the fomn of an electret. 

so [0009] The mask may include an air impervious element secured to the mask to inhibit the flow of air to the eyes of 
the wearer of the mask. In another embodiment, the mask may include a shield affixed to the mask to extend over and 
protect the eyes of the wearer of the face mask. In yet another embodiment, the mask may Include a pair of flaps 
affixed to opposite sides of the mask to inhibit liquid from reaching the face of the wearer. The mask may also assume 
an off-the-face (i.e., a "duck-bill") configuration. 

55 [0010] As used herein, the term "average effective fiber diameter" refers to the fiber diameter calculated according 
to the method set forth In Davles, C. N., The Separation of Airborne Dust and Particles," Institution of Mechanical 
Engineers, London, Proceedings 1 B, 1 952. The average effective fiber diameter can be estimated by measuring the 
pressure drop of air passing through the major face of the web and across the web as outlined in ASTM F 778-88. 
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[0011] The face-contacting layer and the outer cover layer preferably are non-woven nnats that include polyolefin 
fibers, cellulosic fibers, polyester fibers, polyamide fibers, ethylene-vinyl acetate fibers, or a combination thereof. The 
polymeric microfiber layer preferably includes afluorochemical incorporated Into the microfibers. 
[0012] The Invention provides face masks that are permeable to gases, but at the same time are substantially im- 
5 pemieable to liquids. The masks are lightweight, breathable, and comfortable, yet block the passage of liquids such 
as blood and body fluids from secretions and excretions in two directions. The masks thus protect the wearer and 
patients with whom the wearer comes In contact from each other. 

[0013] Other features and advantages of the invention will become apparent from the following description of the 
prefenred embodiments thereof, and from the claims. 

10 

Brief Description of the Drawings 

[0014] Fig. 1 is a perspective view, partially broken away of a face mask embodying the present invention. 
[0015] Fig. 2 is a cross-section view, taken at 2*2', of the face mask shown in Fig. 1 . 

IS 

Description of the Preferred Embodiments 

[0016] ReferringtoFigs. 1 and 2, there is shown a face mask 10 featuring four layers 12, 14, 16, and 18 that cooperate 
with each other to allow gas to pass through the mask while inhibiting the passage of liquid through the mask. The 

20 mask thus affords protection from blood and body fluids from secretions and excretions without adversely affecting 
other mask characteristics such as breathability and filtering ability. Preferably, the mask has a basis weight no greater 
than about 95 g/m^ and a pressure drop no greater than about 2.70 mm H2O, preferably no greater than about 2.50 
mm HgO, more preferably no greater than about 1 .50 mm H2O at a flow rate of 32 !pm and a face velocity of 3.82 cm/ 
s, and can withstand at least ten exposures to synthetic blood without visible penetration by the synthetic blood, as 

25 determined according to the Synthetic Blood Challenge Test described infra . A pair of ties 20, 22 is used to fasten the 
mask on the wearer's face. 

[0017] The area of layer 1 8 (a non-woven fibrous mat described in greater detail, below) is preferably at least about 
2% greater than the area of any one of layers 12, 14, and 16 to cause layer 1 8 to "pucker," as shown In Fig. 2. The 
area is measured by multiplying the length of the layer times its width prior to pleating. This "puckering" inhibits wicking 

30 of liquid into face-contacting layer 1 2 (described in greater detail, below) to afford protection against liquid penetration. 
* [0018] Layer 12 is a face-contacting layer, while layer 14 is an outer cover layer. The purpose of layers 12 and 14 is 
to contain microfiber-containing layers 16 and 18, thereby shielding the wearer from loose microfibers (in the case of 
layer 12), as well as preventing loose microfibers from falling off the mask (in the case of layer 14). Layers 12 and 14 
can be made from any low-llnting fibrous web such as a non-woven web made from cellulosic, polyolefin, polyamide, 

35 polyester, or ethylene-vinyl acetate fibers, or a combination thereof. Examples of suitable cellulosic fibers include rayon, 
while examples of suitable polyolefin fibers include polyethylene, polypropylene, and polybutylene. Examples of suit- 
able polyamides include nylon, while suitable polyesters include polyethylene terephthalate and polybutylene tereph- 
thalate. The surface of either web may be treated with a surface energy reducing agent such as a fluorochemical to 
increase liquid repellency. 

40 [0019] The pressure drop and basis weight of layers 12 and 1 4 are selected to maximize air flow through the mask 
in either direction, and thus breathability. In general, the pressure drop through face*contacting layer 12 and outer 
cover layer 1 4 is preferably no greater than about 0.5 mm H2O at a flow rate of 32 Ipm and a face velocity of 3.82 cm/ 
s in the case of each individual layer, in addition, each layer preferably has a basis weight of about 20 to about 30 g/rrfi. 
[0020] Layer 18 is a non-woven fibrous mat designed to act in concert with the other layers of the mask to repel 

45 liquids and to filter airborne contaminants, while at the same time allowing the passage of gas through the mask to 
provide breathability. The non-woven fibrous mat may include polymeric microfibers, staple fibers, continuous fiber 
filaments, or a combination thereof, with polymeric microfibers being preferred. 

[0021] The solidity, effective fiber diameter, and pressure drop across the mat are selected to maximize breathability. 
Preferably, mat 18 has a solidity of no greater than about 10%; an average effective fiber diameter no greater than 
50 about 20 Jim, more preferably between about 1 and about 10 ^.m; and a pressure drop between about 0.1 and about 
2.70 mm H2O, more preferably between about O.i and about 2.50 mm H2O, even more preferably between about 0.1 
and about 1 .5 mm H2O measured at a flow rate of 32 Ipm and a face velocity of 3.82 cm/s. 

[0022] The fibers of mat 1 8 include one or more surface energy reducing agents to increase the liquid resistance of 
the mat, and thus mask 10. The surface energy reducing agent increases the hydrophobicity of the fibers, which in 
55 turn enhances the filtration efficiency and the liquid resistance of the mat. The amount of surface energy reducing 
agent is preferably the minimum amount needed to obtain the desired level of liquid resistance and filtration. In general, 
the amount of surface energy reducing agent is no greater than about 4.0% by weight based upon the total weight of 
the mat, preferably no greater than about 2.0% by weight, more preferably no greater than about 1 .0% by weight, even 
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more preferably no greater than about 0.5% by weight. 

[0023] The surface energy reducing agent may be incorporated Into the fibers of non-woven mat 1 8 (e g , by adding 
the agent to the melt used to prepare the fibers), applied topically to the surface of the fibers (e.g., by coating or by 
incorporating the agent into the fiber sizing), or a combination thereof. Preferably, the agent is incorporated into the 
5 fibers of mat 1 8 by including the agent in the melt used to prepare the fibers, in which case the agent Is selected such 
that ft suffers substantially no degradation under the melt processing conditions used to fomn the fibers, and has a 
melting point of at least about 70''C, more preferably at least about lOCC 

[0024] Suitable surface energy reducing agents include f luorochemicals, silicones, waxes, and combinations thereof, 
with fluorochemicals being preferred. 
10 [0025] Examples of suitable silicones include those based on polymers of methyl (hydrogen) siloxane and of dimeth* 
ylsiloxane. Also suitable are silicones described in U.S. Patent No. 4,938,832. 

[0026] Examples of suitable waxes include paraffin waxes. Such materials may be provided in the form of an emul- 
sion. 

[0027] Examples of suitable fluorochemicals Include fluorochemical compounds and polymers containing fluoro- 
15 aliphatic radicals or groups, Rf, as described in U.S. Patent No. 5,027,803. The fluoroaliphatic radical, Rf, Is afluori- 
nated, stable, inert, non-polar, preferably saturated, monovalent moiety which is both hydrophobic and oleophobic. It 
can be straight chain, branched chain, or, if sufficiently large, cyclic, or combinations thereof, such as alkylcycloaliphatic 
radicals. The skeletal chain in the fluoroaliphatic radical can include catenary divalent oxygen atoms and/or trivalent 
nitrogen atoms bonded only to carbon atoms. Generally Rf will have 3 to 20 carbon atoms, preferably 6 to 12 carbon 
20 atoms and will contain about 40 to 78 weight percent, preferably 50 to 78 weight percent, carbon-bound fluorine. The 
terminal portion of the Rf group has at least one trifluoromethyl group, and preferably has a terminal group of at least 
three fully fluorinated carbon atoms, e.g., CF3CF2CF2-. The preferred Rf groups are fully or substantially fluorinated, 
as in the case where Rf Is perfluoroalkyi, C^Fgn-i-- 

[0028] Classes of fluorochemical agents or compositions useful in this invention include compounds and polymers 

^5 containing one or more fluoroaliphatic radicals, Rf . Examples of such compounds include, for example, fluorochemical 
urethanes, ureas, esters, amines (and salts thereof), amides, acids (and salts thereof), carbodiimides, guanidines, 
allophanates, biurets, and compounds containing two or more of these groups, as welt as blends of these compounds. 
[0029] Particularly preferred fluorochemicals include fluorochemical oxazolidinones, fluorochemical piperazines, 
fluoroaliphatic radical containing-compounds and combinations thereof. Specific examples are provided in U.S. Patent 

30 Nos. 5,025,052 (Crater et al.), 5,099,026 (Crater et al.), and 5,451 ,622 (Boardman et al.). A particularly useful fluoro- 
chemical is a fluorochemical oxazolidinone prepared according to the procedure described generally in Example 1 of 
Crater etal., U.S. 5,025,052 by reacting a monoisocyanate having the formula 0-C=N-Ci8H-|7 with Ci3Fi7S02N(CH3) 
CH2CH(OH)CH2CI to fomi an Intennedlate urethane, followed by treatment with NaOCHs to fomi the oxazolidinone. 
[0030] Preferred polymers for fomiing fibers used In the construction of mat 18 include polyolefins (e.g., polyethylene, 

35 polypropylene, polybutylene, and poly-4-methylpentene), polyesters, polyamides (e.g., nylon), polycarbonates, 
polyphenylene oxide, polyurethanes, acrylic polymers, polyvinylchloride, and mixtures thereof, with polypropylene and 
polybutylene being preferred. Preferably, mat 18 is a blend of up to about 50% by weight polypropylene microfibers 
and up to about 50% by weight polybutylene microfibers. Particularly preferred are blends that Include about 80% by 
weight polypropylene microfibers and about 20% by weight polybutylene microfibers. 

40 [0031] Mat 18 may be formed using conventional techniques for preparing non-woven mats such as melt blowing, 
air laying, carding, wet laying, solvent spinning, melt spinning, solution blowing, spun bonding, and spraying. Preferably, 
the mats are prepared by melt blowing. Melt-blown microfibers can be prepared, for example, by the methods described 
in Wente, Van A., "Superfine Thermoplastic Fibers," Industrial Engineering Chemistry , vol. 48, pp. 1342-46; in Report 
No. 4364 for the Naval Research Laboratories, published May 25, 1 954, entitled, "Manufacture of Super Fine Organic 

45 Fibers" by Wente et al.; and in U.S. Pat. Nos. 3.971 ,373 (Braun), 4,1 00,324 (Anderson), and 4,429,001 (Kolpin et al.). 
In addition, U.S. Patent No. 4,011 ,067 (Carey, Jr ) describes methods for making mats of polymeric microfibers using 
solution blown techniques, and U.S. Patent No. 4,069,026 (SImm et al.) discloses electrostatic techniques. 
[0032] Where mat 1 8 features melt-blown microfibers in which the surface energy reducing agent Is a fluorochemical 
added to the melt used to prepared the fibers, the fluorochemical may be incorporated into the microfibers according 

so to methods disclosed in the aforementioned Crater and Boardman patents. For example, a solid fluorochemical can 
be blended with a solid synthetic polymer by intimately mixing the solid fluorochemical with pelletized or powdered 
polymer, and then melt-extruding the blend through an orifice Into fibers or films by known methods. Alternatively, the 
fluorochemical can be mixed per se with the polymer, or the fluorochemical can be mixed with the polymer in the form 
of a "masterbatch" (concentrate) of the fluorochemical compound in the polymer, Masterbatches typically contain from 

55 about 1 0% to about 25% by weight of the additive. Also, an organic solution of the fluorochemical may be mixed with 
the powdered or pelletized polymer, dried to remove solvent, melted, and extruded. Molten fluorochemical can also be 
Injected Into a molten polymer stream to form a blend just prior to extrusion into fibers or films. 
[0033] The fluorochemical can also be added directly to the polymer melt, which is then subjected to melt-blowing 
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according to the process disclosed in the aforementioned Wente reports to prepare a fluorochennical-contalning, nrielt- 
blown microflber mat. 

[0034] The filtering efficiency of mat 18 can be improved by bombarding the melt-blown microfibers, as they Issue 
from the extnjsion orifices, with electrically charged particles such as electrons or ions. The resulting fibrous web is 
5 an electret. Similarly, the mat can be made an electret by exposing the web to a corona after it is collected. Examples 
of suitable electret-fonning processes are described in U.S. Patent Nos. 5,411 ,576 (Jones, et al.), 5,496,507 (Angad- 
jivand et al.), Re. 30,782 (van Turnhout), and Re. 31 ,285 (van Turnhout). 

[0035] Layer 1 6 is a non-woven polymeric microflber mat for filtering airborne contaminants. Mat 1 6 may be formed 
using conventional techniques for preparing non-woven microflber mats such as the techniques described above in 

10 reference to mat 18. Preferred polymers for forming microfibers used in the construction of mat 16 include polyolefins 
(e.g. polyethylene, polypropylene, polybutylene, and poly-4-methylpentene), polyesters, polyamides (e.g., nylon), poly- 
carbonates, polyphenylene oxide, polyurethanes, aciylic polymers, potyvlnylchlorlde and mixtures thereof, with poly- 
propylene being preferred. The liquid resistance and the filtration efficiency of layer 1 6 can be increased by incorporating 
a surface energy reducing agent such as a fluorochemlcal into the microfibers of layer 16 or onto the surface of the 

'5 microfibers, as described above in reference to layer 1 8. Filtration is further improved by providing mat 1 6 in the fomri 
of an electret. 

[0036] The invention will now be described further by way of the following examples. 
EXAMPLES 

20 

Liquid Resistant Microflber Mai Preparation 

[0037] The microflber mats were prepared as described generally in Wente, Van A., "Superfine Themrioplastlc Fibers" 
in Industrial Engineering Chemistry , vol. 48, p. 1342 et seq. (1956), or in Report No. 4364 of the Naval Research 
25 Laboratories, published May 25, 1954, entitled, "Manufacture of Superfine Organic Fibers," by Wente, Van A., et al. 
The apparatus used to mal<e the blown microflber mats was a drilled die having circular smooth surface orifices (1 0/cm) 
having a 0.43 mm (0.017 inch) diameter and a 8:1 length to diameter ratio. An air pressure of 0.34 to 2.10 Bar (5-30 
psi) with an air gap of 0.076 cm width was maintained for the drilled die. The polymer throughput rate was approximately 
1 79 g/hr/cm for all runs. 

30 [0038] Polymer pellets were prepared containing the fluorochemlcal and the polymer resin for forming the fibers, 
after which the pellets were extruded to fonn microfibers as described in the aforementioned Crater patents. The 
reaction conditions and mat components are set forth in Table 1. All percentages are given in weight percent. 



TABLE I 



Run# 



Resin 



FCO (%) 



Pigment (%) 



Extrusion Temp. 



Primary Air 
Temp CC) 



78.5 PP 

20.0 PB 



0.5 



1.0 



245-300 



350 



98.0 PP 



1.0 



1.0 



240-295 



400 



PP 3505 polypropylene resin (available from Exxon Chemical Co., Houston, TX) 
PB 0400 polybutylene resin (available from Shell Oil Co., Houston, TX) 
Pigment P-526 REMAFIN Blue BN-AP (available from Hoechst Celanese Corp., Charlotte. NC) 
FCO Fluorochemlcal oxazoiidinone prepared according to the procedure described generally in Example 
1 of Crater et al., U.S. 5,025,052 by reacting a monoisocyanate having thefomriula 0=C:=N-C^3Hi7 with C^gF^ySOgN 
(CH3)CH2CH(OH)CH2CI to fomri an intennediate urethane, followed by treatment with NaOCH3 to fomn the oxazo- 
iidinone. 



50 



55 



[0039] The two mats were characterized by measuring the pressure drop across the web in millimeters water ("mm 
H2O") as outlined in ASTM F 778-88 test method. The average effective fiber diameter ("EFD") of each mat in microns 
was calculated using an airflow rate of 32 liters/minute according to the method set forth in Davies, C.N., "The Sep- 
aration of Airborne Dust and Particles," Institution of Mechanical Engineers, London, Proceedings 1 B, 1 952. The solidity 
and basis weight of each mat were also detemriined. The results are summarized in Table II. 
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TABLE II 



Run# 


Basis Weight (g/m2) 


Solidity (%) 


Effective Fiber Diameter (pjn) 


Pressure Drop (mm H2O) 


1 


19.3 


7.0 


9.8 


0.38 


2 


16.5 


5.7 


10.5 


0.25 



Masl< Preparations 



10 



IS 



[0040] A series of masks, each having four layers, were constructed according to the procedure generally described 
In U.S. Patent No. 3,613,678 (Mayhew), with the exception that a four layer mask was constructed rather than a three 
layer mask. The layers used to construct the masks were selected from the following materials: a rayon cover layer 
(A), a rayon face-contacting layer (B), a polypropylene blown microfiber filtration layer (C), the mat from Run #1 above 
(D), the mat from Run #2 above (E), and a polyethylene film layer (F) commercially available from Tregedar Film 
Products of Cincinnati, OH under the trade designation "Vispore," and described in U.S. Patent No. 3,929,135. Layers 
(A), (B), and (C) were prepared according to the procedure generally described in U.S. Patent No. 3,613,678 (Mayhew). 
These layers were combined In different combinations to form a series of four layer masks. 



20 
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Synthetic Blood Challenge Test 

[0041] The masks were subjected to the synthetic blood challenge test. A solution of synthetic blood having 1000 
ml deionlzed water, 25.0 g Acrysol G110 (available from Rohm and Haas, Philadelphia, PA), and 10.0 g Red 081 dye 
(available form Aldrich Chemical Co., Milwaukee, Wl) was prepared. The surface tension of the synthetic blood was 
measured and adjusted so that it ranged between 40 and 44 dynes/cm by adding Brij 30, a nonionic surfactant available 
from ICI Surfactants, Wilmington, DE as needed. The synthetic blood was then placed in a reservoir connected to a 
cannula located 46.7 cm from the front surface of the mask being challenged. The reservoir was pressurized with 
compressed air to the desired test challenge pressure. A solenoid control value was set to open for a specific and 
predetennined amount of time to allow 2.0 ml of synthetic blood to pass through a 0.084 cm diameter cannula. The 
synthetic blood exited the cannula under the set pressure condition, traveled 45.7 cm to the mask target and impacted 
the mask being challenged. This assault was repeated five times, or until visual penetration of the synthetic blood 
occunred. The results are summarized in Table III. 



TABLE III 



Construction 


Total Basis Weight 


Synthetic Blood Challenge 


Visual Penetration of Synthetic Blood 
(Y/N) 




(g/m2) 


Pressure (mm Hg), 


Assaults (#) 




ABFC 


96.8 


259 


5 


N 


ABFC 


96.8 


310 


1 


Y 


ADBC 


83.6 


310 


5 


N 


ABDC 


83.6 


414 


5 


N 


AEBC 


80.8 


259 


5 


N 


ABEC 


80.8 


413 


5 


N 



[0042] Other embodiments are within the following claims. For example, mat 18 may be disposed between face- 
contacting layer 12 and layer 1 6, rather than between cover layer 14 and layer 1 6. The ties for securing the mask to 
so the head may include ear loops designed to fit over the ears of the wearer as described, e.g., in U.S. Patent Nos, 
4,802,473 and 4.941,470 (both Hubbard et al.). 

[0043] The face mask may also include an air Impervious material I.e., a material that substantially completely resists 
the flow of air or other gas therethrough or that has a substantially greater resistance to the flow of air than the mask. 
The air impervious material functions to overcome any tendency of the moist breath to rise upwardly and out of the 
55 area of the nnask nearest the wearer's eyes. Face masks that incorporate air impervious materials are described, for 
example, in U.S. Patent Nos. 3,890,966 (Aspelin et al.), 3,888,246 (Lauer), 3,974,826 (Tate, Jr.) and 4,037,593 (Tate, 
Jr.). The air Innpervious material is preferably a soft, pliable film of plastic or rubber material, and may be formed from 
materials such as, e.g., polyethylene, polypropylene, polyethylene-vinyl acetate, polyvinyl chloride, neoprene, poly- 
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urethane, and the like. Other suitable air impervious materials Include, e.g., non-woven fabric or paper type material 
having a substantially greater resistance to air flow than the filtration medium and facing material. 
[0044] The air Impervious material may include slits defining flaps that are outwardly movable away from the eyes 
of the wearer when subjected to the Influence of exhaled breath, as described for example In U .S. Patent No. 3,890,966 
5 (Aspelin et a!.). The slits provide paths through which exhaled breath may flow and direct the exhaled breath away 
from the eyeglasses of the wearer, thus substantially overcoming any tendency of the moist breath to rise upwardly 
and cause eyeglass fogging. 

[0045] Alternatively, the air impervious material may be in the form of a nonporous closed cell foam material as 
described, e.g., in U.S. Patent No. 4,037,593 (Tate, Jr.), or a porous soft foam material enclosed within a sleeve of air 

10 impervious material, as described, e.g., in U.S. Patent No. 3,974,829 (Tate, Jr.). 

[0046] The air impervious material Is preferably located in the area of the mask that is nearest the eyes when the 
mask is worn. The air impervious material is preferably located so as not to compromise the breathability of the mask. 
For example, the air impervious material may be located near the upper edge of the mask on either one or more of 
the Inner surface of the face-contacting layer, the outer surface of the cover layer, or folded over the upper edge of the 

15 mask such that it extends downward a short distance along both the surface of the face-contacting layer and the cover 
layer as described, e.g., In U.S. Patent No. 3,888,246 (Lauer). 

[0047] The air impen/ious material may be secured to the mask by any suitable method including, e.g., stitching, 
heat sealing, ultrasonic welding, and water-based or solvent-based adhesives (e.g., plastlcized polyvinylacetate resin 
dispersion) in the form of a thin line, a band, a discontinuous coating, or a continuous coating. 

20 [0048] The mask may further include a shield for protecting the wearer's face and inhibiting liquids from splashing 
into the eyes of the wearer. The shield is preferably highly transparent, flexible, possesses poor reflection properties, 
and is stiff enough to prevent collapse yet flexible enough to bend. Suitable materials for fomiing the shield Include, 
e.g., polyester and polyethylene plastic. The shield may be secured to the mask at bond areas formed by adhesives, 
ultrasonic seals, heat seals, or by stitching. The shield is generally dimensioned to provide generous coverage to the 

25 eyes and parts of the head and to fit across the width of the mask. The shield may be removably attachable to the 
mask. The shield may be coated with a suitable anti-fogging chemical or an anti-glare silicone agent such as, e.g., 
dimethylsiloxane polymer. Examples of face masks constnjcted with shields are described in U.S. Patent Nos. 
5,020,533 (Hubbard et al.) and 4,944,294 (Borek, Jr.), and PCT Application No. WO 89/10106 (Russell). 
[0049] Preferably, the shield is both anti-reflective and anti-fogging. Suitable anti-reflective, anti-fogging coatings 

30 which may be applied to the shield include Inorganic metal oxides combined with hydrophilic anionic silanes as de- 
scribed, e.g., in U.S. PatentNo. 5,585,1 86 (Scholz etal.), and inorganic metal oxides in combination with certain anionic 
surfactants as described, e.g., in Published PCT Application No. 96/18691. 

[0050] The mask may assume an off-the-face or "duckbill" configuration, as described, e.g., in U.S. Patent No. 
4,419,993. 

35 [0051] In another embodiment, the sealed fit between the periphery of the mask and the contours of the wearer's 
face is enhanced by fluid impen/ious flaps that extend from the sides of mask toward the ears of the wearer as described, 
e.g., in U.S. Patent No. 5,553,608 (Reese et al). The flaps also extend the coverage area of the face mask. The ties 
that secure the mask to the head combine with the flaps to conform the mask to the contours of the face of a wearer. 
The flaps are preferably fonned from a liquid impervious material with a generally U-shaped cross-section, a J config- 

40 uration or a C-f old configuration The flaps may be fonned from polyethylene film laminated to a non-woven material 
or from a wide variety of resilient and stretchable materials. One example of such a resilient material is rubber (e.g., 
extruded or injection molded as strips or sheets of material) available under the tradename KRATGN^m from Shell Oil 
Company. Preferably, however, the flaps have the same construction as the main mask. 

45 

Claims 

1 . A face mask comprising: 

so a face-contacting layer; 

an outer cover layer; 

a polymeric microfiber mat disposed between said face-contacting layer and said outer cover layer; and 
a non-woven fibrous mat disposed between said face-contacting layer and said outer cover layer, said non- 
woven fibrous mat comprising polymeric fibers and a surface energy reducing agent, 
55 said face-contacting layer, said cover layer, said polymeric microfiber mat, and said non-woven fibrous mat 

cooperating with each other to allow gas to pass through said mask while inhibiting the passage of liquid 
through said mask. 
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2. The face mask of claim 1 , wherein said non-woven fibrous mat is disposed between said polymeric microfiber mat 

and said cover layer. 

3. The face mask of claim 1 , wherein said non-woven fibrous mat Is disposed between said face-contacting layer 
5 and said polymeric microfiber mat. 

4. The face mask of claim 1, wherein said surface energy reducing agent comprises a fluorochemical, a wax, a 
silicone, or a combination thereof. 

10 5. The face mask of claim 1 , wherein said surface energy reducing agent comprises a fluorochemical. 

6. The face mask of claim 1 , wherein said surface energy reducing agent comprises a fluorochemical oxazolidinone, 
a fluorochemical piperazine, a fluoroaliphatic radical-containing compound, or a combination thereof. 

IS 7. The face mask of claim 1 , wherein the amount of said surface energy reducing agent is no greater than about 
4.0% by weight based upon the total weight of said mat. 

8. The face mask of claim 1 , wherein said non-woven fibrous mat comprises a surface energy reducing agent incor- 
porated into said fibers. 

20 

9. The face mask of claim I, wherein said non-woven fibrous mat comprises a surface energy reducing agent on the 
surface of said fibers. 

10. The face mask of claim 1 , wherein the pressure drop across said non-woven fibrous mat ranges from about 0,1 
25 to about 2,70 mm H2O at a flow rate of 32 Ipm and a face velocity of 3.82 cm/s. 

1 1 . The face mask of claim 1 . wherein the pressure drop across said non-woven fibrous mat ranges from about 0.1 
to about 1 ,50 mm H2O at a flow rate of 32 ipm and a face velocity of 3.82 cm/s. 

30 

PatentansprUche 

1 . Qestchtsmaske mit: 

35 einer gesichtsberuhrenden Schicht; 

einer AuBenabdeckschicht; 

einer Polymermikrofasermatte, die zwischen der gesichtsberuhrenden Schicht und der AuBenabdeckschicht 

angeordnet ist; und 

einer Vliesfasermatte, die zwischen der gesichtsberuhrenden Schicht und der AuBenabdeckschicht angeord- 
40 net ist, wobei die Vilesfasemnatte Polymerfasem und ein oberflSchenenergiesenkendes Mittei aufweist, 

wobei die geslchtsberuhrende Schicht, die Abdeckschicht, die Polymermikrofasermatte und die Vliesfasermatte 
so miteinander zusammenwirken, daB Gas die IVIaske durchstrdmen kann, wahrend der Durchgang von Flussigkeit 
durch die Maske verhindert ist. 

45 

2. Gesichtsmaske nach Anspruch 1 , wobei die Vliesfasermatte zwischen der Polymemnlkrofasermatte und der Ab- 
deckschicht angeordnet ist. 

3. Gesichtsmaske nach Anspruch 1 , wobei die Vliesfasermatte zwischen der gesichtsberuhrenden Schicht und der 
50 Polymermikrofasemnatte angeordnet ist. 

4. Gesichtsmaske nach Anspruch 1 , wobei das oberf Idchenenergiesenkende IVtlttel eine Fluorchemlkaiie, ein Wachs, 
eIn Sillkon oder eine Kombination daraus aufweist. 

55 5. Gesichtsmaske nach Anspruch 1 , wobei das oberflachenenergiesenkende l\^ittel eine Fluorchemikatie aufweist. 

6. Gesichtsmaske nach Anspruch 1, wobei das oberflachenenergiesenkende Mittei ein ftuorchemisches Oxazolidl- 
non, ein f luorchemlsches Piperazin, eine fluoraliphatische radikalhaltige Verbindung oder eine Kombination daraus 
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aufweist 

7. Gesichtsmaske nach Anspruch 1 , wobei die Menge des oberflachenenergiesenkenden Mittels hochstens etwa 
4,0 Gew.-% bezogen auf das Gesamtgewicht der Matte betrHgt. 

8. Gesichtsmaske nach Anspruch 1 , wobel die Vliesfasermatte ein oberflachenenerglesenkendendes Mittel aufweist, 
das in die Fasem eingebaut ist. 

9. Gesichtsmaske nach Anspruch 1 , wobel die Vliesfasemriatte ein oberflachenenerglesenkendendes Mittel auf der 
Oberfiache der Fasern aufweist. 

10. Gesichtsmaske nach Anspruch 1, wobei der Druckabfall uber die Vliesfasennatte im Bereich von etwa 0,1 bis 
etwa 2,70 mm HgO bei einem Durchf Iu3 von 32 1/min und einer Flachengeschwindlgkeit von 3,82 cm/s llegt. 

11. Gesichtsmaske nach Anspruch 1, wobei der Druckabfall uber die Vliesfasennatte im Bereich von etwa 0,1 bis 
etwa 1 ,50 mm H2O bei einem DurchfluB von 32 l/min und eIner Flachengeschwindigkeit von 3,82 cm/s liegt. 



Revendlcations 

1 . M asque facial comprenant : 

une couche en contact avec Ife visage ; 
une couche de couverture exterieure ; 

un matelas de microfibres polymeriqiies dispose entre ladite couche en contact avec le visage et ladite couche 
de couverture exterieure ; et 

un matelas fibreux non l\ss6 dispose entre ladite couche en contact avec le visage et ladite couche de cou- 
verture exterieure, tedit matelas fibreux non tlss^ comprenant des fibres polymerlques et un agent r^dulsant 
l'§nergie de surface ; 

ladite couche en contact avec le visage, ladite couche de couverture, ledit matelas de microfibres polymSri- 
ques, et ledit matelas fibreux non tisse contribuant ensemble a lalsser passer les gaz k travers ledIt masque 
tout en empechant le passage de liquides a travers ledit masque. 

2. Masque facial seion la revendication 1 , dans lequel ledit matelas fibreux non tlssS est dispose entre ledit matelas 
de microfibres polymeriques et ladite couche de couverture. 

3. Masque facial selon la revendication 1 , dans lequel ledit matelas fibreux non tisse est dispose entre ladite couche 
en contact avec le visage et ledit matelas de microfibres polymeriques. 

4. Masque facial selon la revendication 1 , dans lequel ledit agent reduisant renergie de surface comprend un com- 
pose chimique fluore, une cire, une silicone, ou une combinaison de ceux-ci. 

5. Masque facial selon la revendication 1 , dans lequel ledit agent reduisant renergie de surface comprend un com- 
pose chimique fluore. 

6. Masque facial selon la revendication 1 . dans lequel ledit agent reduisant renergie de surface comprend une oxa- 
zolidinone fluoree, une piperazine fiuoree, un compose contenant des radlcaux fluoroallphatiques, ou une combi- 
naison de ceux-ci. 

7. Masque facial selon la revendication 1 , dans lequel la quantite dudit agent reduisant renergie de surface n'est pas 
superleure k environ 4,0 % en polds sur la base de la masse totale dudit matelas. 

8. Masque facial selon la revendication 1 , dans lequel ledit matelas fibreux non tisse comprend un agent reduisant 
renergie de surface incorpore dans lesdites fibres. 

9. Masque facial selon la revendication 1 , dans lequel ledit matelas fibreux non tisse comprend un agent reduisant 
renergie de surface sur la surface desdites fibres. 
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10. Masque facial selon la revendication 1, dans lequei la chute de pression atravers ledit matelas fibreux non tisse 
est dans une gamme comprise entre 0,1 environ et environ 2,70 mm HgO k un d§bit de 32 Ipm at une vitess'e 
ifaciale de3,82 cm/s. 

5 11 . I\^asque facial selon la revendication 1 , dans lequei la chute de pression k travers ledit matelas fibreux non tiss§ 
est dans une gamme entre environ 0,1 et environ 1 ,50 mm H2O k un debit de 32 Ipm et une Vitesse faciale de 
3,82 cm/s. 
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